The effects on beef cattle growth performance and carcass characteristics of feeding silages produced by altered fermentations were determined. Alpha-amylase was added at 0 or .05% (wet basis) and sorbic acid was added at 0 or .lo% (wet basis) to chopped whole corn plants before ensiling in a 2 x 2 factorial arrangement of treatments. For three successive years, 40 beef heifers (224 kg) were fed these silages for 80 d, finished on corn-and-cob meal (107 d) and slaughtered when backfat thickness over the 13th rib reached 12 mm. Silages treated with a-amylase had a slightly higher percentage of N-free extract (P < .lo). Silages treated with sorbic acid had lower percentages of ADF N (P e .lo). During the silage-feeding phase, heifers fed silages treated with a-amylase gained more (P e .01) daily than heifers fed the other two silages (34 vs .78 kg) and they were more efficient (P e .01) in weight gain per unit of dry feed consumed (.149 vs .139 kg). During the finishing phase, heifers that previously had been fed the a-amylase-treated silage continued to have higher (P < .OS) ADG (.93 vs .87 kg), although all were fed the same diet during this period. Added sorbic acid had no effect on ADG in either period. The percentage of kidney fat in heifers on the a-amylase treatments was increased (P < .02, 2.2 vs 2.0). The biological mechanisms associated with the beneficial results of a-amylase addition are not understood yet,
Introduction
Starch, the primary nonstructural carbohydrate in corn silage, cannot be utilized by lactic acid bacteria whose main substrates are the monomers glucose and fructose. McDonald and Whittenbury (1973) suggested that the addition of a fermentation stimulant such as alpha-amylase, which hydrolyzes starch to glucose, could stimulate the growth of lactic acid bacteria and thus result in a more effective fermentation.
'Dept. of Anim. Sci. 'Present address: P u r i~ Mills, 5624) Millet Hwy., ' T o whom reprint requests should be addressed. 4Tobacco Exp. Sta, Greeneville, TN. Bolsen and Ilg (1980) tested a commercial product that contained a-amylase and found that its addition to silage slightly increased ADG by cattle. When sorbic acid, a selective inhibitor of yeasts, molds and heterolactic bacteria, was added to chopped whole corn plants before ensiling, it reduced surface spoilage (Salunke, 1956; Alli et al., 1985) .
A variety of agents cause anaerobic or aerobic degradative processes during different phases of the ensiling and feed-out processes . When alpha-amylase and sorbic acid are both added, each may decrease a different degradative process during a different phase and contribute to improved nutritive value. In the present experiments, beef heifers wen: fed corn silages produced by adding alpha-amylase, sorbic acid or both to freshly chopped whole corn plants prior to ensiling. Body weight gains and carcass characteristics were measured.
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Experimental Procedure
Three feedlot trials were conducted in consecutive years. Each consisted of a silage-feeding phase and a finishing phase. During the silagefeeding phase, which was conducted during January, February and part of March of each year, heifers had ad libitum access to one of four experimental silages: 1) untreated corn silage; 2) chopped whole corn plants treated with .05% of a commercial al,4-amylase on a wet basis; 3) chopped whole corn plants treated with .lo% sorbic acid on a wet basis; or 4) chopped whole corn plants treated with both a-amylase and sorbic acid at the aforementioned rates. All treatments were applied before ensiling. In addition, heifers received .85 kg of medium-quality tall fescue hay (9.4% CP) and .54 kg of 44% CP soybean meal per head daily. The silage-feeding phase lasted for 72,82 and 86 d for the 1st-, 2nd-and 3rd-yr trials, respectively.
The finishing phase began with a transition period of about 13 d during which the proportion of silage was decreased while the proportion of concentrate in the diet was increased. After 13 d, silage feeding was discontinued. Heifers thereafter had ad libitum access to corn-and-cob meal plus 1.2 1 kg of a mature grass hay and .5 1 kg of soybean meal daily. The trials ended when heifers reached an average fat thickness over the 13th rib of 12 mm; fat thickness was estimated using a Scanco Scanprobe I1 somascope (Model No. 7310). The finishing period lasted for 118, 105 and 98 d for the three trials, respectively. Animals then were slaughtered and carcass data were o b tained.
Experimental Silages. Pioneer Hybrid 3 147 variety of corn was seeded at the rate of 54,000 kernels per hectare. The corn plants were produced on various silt loams with slopes of 2 to 5%. The fields were fertilized in the fall of each year with 4,485 kg of lime per hectare. Based on soil tests, 729 kg of 0-20-20 and 493 kg of 34-04 fertilizer per hectare was used in Trial 1. In Trials 2 and 3, the field received 779 kg or 902 kg of 8-24-24 fertilizer per hectare before planting, respectively, for the expected level of fertility. In addition, 336 kg of 340-0-0 per hectare was sidedressed on the field in each trial. In each of the trials, the corn plants were harvested in the early dent stage.
Eight upright brick silos measuring 1.8 m diameter x 9.1 m tall and holding an average of 9 t of chopped whole corn plants were used. Two silos were assigned to each of the four experimental treatments. The silages were allowed to ferment for at least 117, 141 and 124 d for the 3 yr, respectively, until the first silos were opened.
The composited silage samples from each silo from each of the three trials were analyzed for total DM, proximate constituents, ADF and ADF N (AOAC, 1980 Prior to the beginning of the silage-feeding phase, each group of heifers was placed in a 6.1-m x 7.6-m lot located on both sides of an open-sided feeding barn. Each pen of heifers had ad libitum access to their respective experimental corn silage with fresh feed added once daily. At approximately 30-d intervals and at the end of both phases, individual BW were measured.
Hot carcass weights were obtained at the slaughterhouse. After the carcasses had been chilled for 48 h, loineye area, backfat thickness, percent kidney fat, yield grade and carcass grade were determined by a USDA grader.
Statistical Analyses. Data from the three trials were pooled. An ANOVA was performed to assess the effect of the independent variables (year and treatment) and their interaction on the dependent variables (nutrient composition, DM intake and feed efficiency). Because year and treatment were considered fixed in this study, variations among pens or silos within treatment-year sub cells were used as the e m r term.
When animal was considered as the experimental unit (ADG and carcass characteristics), an ANOVA was performed to assess the effect of the independent variables (year and treatment) and their interaction on the dependent variables. In this analysis, variation among animals treated alike was used as the error tern. Alpha-amylase was added at 0 or .05% and sorbic acid at 0 or .lo% of wet corn silage weight in the 2 x 2 factorial arrangement of treatments. Contrasts were made to test the main effects and interaction of a-amylase and sorbic acid (SAS, 1985) . In discussing the results, the probability level of P < . 10 was chosen to delineate between significance and non-significance.
Results and Discussion
Silage Nutrient Composition. Table 1 contains the nutrient composition of the four experimental silages as three-trial means. The average DM content of the four silages was nearly identical. Nitrogen-free extract percentages of the silages treated with a-amylase were higher (P < .10; 45.0 vs 43.3%). Percentage ADF N was less (P c .Os> in silages treated with sorbic acid. Acid detergent fiber N content of a silage increases as a result of heating ensiled material during storage (Van Soest, 1982) . Heat is produced as a result of the activity of yeasts and molds (McDonald, 1981) . Because sorbic acid inhibits yeast and mold activity, perhaps a decrease in the temperature of the ensiled material can explain the lower ADF N concentration.
Silage-Feeding Phase. Feed consumption and animal performance during the silage-feeding phase are presented in Table 2 . The addition of the fermentation stimulant, a-amylase, did not alter DM intake. Jaster and Moore (1988) also found no effect on the DM intake of heifers fed an alfalfa silage treated with an amylase-cellulase preparation. Addition of sorbic acid, a selective fermentation inhibitor, to corn silage also did not affect (P > .lo) DM intake. Shearer and Cordukes (1962) noted that in free-choice palatability tests a sorbic acid-treated haycrop silage compared with an untreated control resulted in a slight preference for the untreated control by yearling heifers.
Alpha Table 3 include consumption and animal performance figures for heifers during the finishing phase. Length of time required for the heifers to reach an average estimated backfat thickness of 12 mm averaged 107 d, at which time they were slaughtered. Cornand-cob meals was fed free-choice, whereas the amounts of corn silage fed during the short transition period and of hay fed were held constant across all treatments. Voluntary DM intakes were similar among heifers fed the four silage treatments.
The heifers previously fed corn silages treated with a-amylase during the silage-feeding phase continued to have higher (P < .05) ADG during the finishing phase (.93 vs .87 kg), although all animals were fed the same silage-free diet during this phase. The gain-to-feed ratio also was greater (P < .05) in heifers previously fed a-amylasetreated corn silage (.127 vs .115). During the finishing phase, heifers that previously had been fed silages treated with sorbic acid were not affected in respect to final weight gain, total weight gain, ADG or feed efficiency.
Combined Phases and Carcass Data. The total number of days on experiment, the ADG for the entire experiment (combined silage and finishing phases) and the carcass data of heifers are presented as three-trial means in Table 4 . The total number of days on feed of the three trials averaged 187 d. When data of both phases were combined, heifers fed the a-amylase treatment had nonsignificantly higher (P > .lo) hot carcass weights (223 vs 217 kg). The percentage of kidney fat on these carcasses was increased (P c .05)
by .2 percentage units (2.2 vs 2.0). Other carcass characteristics were not affected by treatment.
General. The addition of sorbic acid, a selective inhibitor of yeasts, molds and heterolactic bacteria, had no effect on the animal production responses measured. However, in a companion study (Leahy, 1988) . addition of sorbic acid to corn silage decreased (P c .lo) DM loss due to spoilage (7.5 vs 5.7%), probably because of its inhibitory effect on yeasts and molds. The previously mentioned decrease in ADF N due to sorbic acid addition (P c .05; 8.1 vs 7.2% of total N) was not associated with improved animal response because potentially available dietary CP was decreased by only .07% and CP percentage in the diets should not have limited performance.
The addition of the fermentation stimulant, a-amylase, increased ADG and gain/feed by a p proximately 7% during the silage phase and during the whole experiment. This response may be due to an improved nutritive value of the silages and(or) the establishment of a more favorable ruminal microbial population. Amylase-mated silages had a somewhat higher nutritive quality (i.e., they had more N-free extract than silages that were not treated with a-amylase). In a companion study (Leahy, 1988) using the Same silage treatments and 208-liter stecl drums as experi-mental silos, alpha-amylase treatment had no effect on water-soluble carbohydrate or lactic acid content of the resulting silages. Other researchers suggested that improvements in cattle performance from the use of fermentation stimulants such as a-amylase may be due to their effect of preserving more of the nitrogenous and other constituents of the originally ensiled materials (Alli and Baker, 1982) . Bolsen and Hinds (1984) noted that, in theay, silage fermentations that decrease loss during ensiling would be expected to have a higher nutritional value than a silage with higher losses, because the DM lost probably could be readily digested by the animal.
In a companion study to this experiment (Leahy, 1988) , ruminal microbial activity in heifers fed a-amylase-treated silages, as estimated by in vitro gas production, was increased (P c .lo).
Perhaps silages produced with a-amylase added resulted in beneficial changes in the ruminal microbial population (numbers, genera and profile) which yielded increases in VFA and(or) microbial protein production and which ultimately were responsible for improved animal growth and feed efficiency.
Implications
Addition of .05% a-amylase to chopped whole corn plantsbefore ensiling increased ADG and gain to feed ratio by beef heifers. The addition of .lo% sorbic acid did not change animal growth parameters but in a companion study resulted in a more stable silage.
